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Abstract: We here describe the life history of one of the rarest jaguar moths, Cicadomorphus falkasiska Martinez, 2020. We 
provide information on host plant association and behavioral characteristics based on rearing in situ (Oxapampa, Peru) and ex situ 
(Göttingen, Germany). This is the first study where the life history of a jaguar moth species is completely illustrated, including 


immature and adult habitus and larval head capsules from the first to the last instar. 
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INTRODUCTION 


The Neotropical jaguar moths (Noctuidae: Pantheinae) are 
a poorly studied, recently described member of the Lichnoptera 
Herrich-Schaffer clade (Martinez, 2020). Jaguar moths are 
characterized by their similar appearance to tiger moths and 
tussock moths (Erebidae: Arctiinae), and comprise the genus 
Cicadomorphus Martinez along with other genera such as 
Bathyra Walker, Cicadoforma Martinez, Gaujonia Dognin, 
Gaujoptera Martinez, Lichnoptera, Millerana Martinez, and 
Oculicattus Martinez. Cicadomorphus was described after 
determining that the genus Gaujonia was not monophyletic 
and was thus separated into five genera (Cicadoforma, 
Cicadomorphus, Gaujonia, Millerana, and Oculicattus) based 
on molecular and morphological data (Martinez, 2020). 

Cicadomorphus is asmall genus with four species distributed 
in the Andes from Colombia to Bolivia. As mentioned above, 
this genus is remarkably similar to Cicadoforma externally 
and internally, but several morphological characters that can 
diagnose both genera were described by Martinez (2020). 
The genus is sexually dimorphic, mainly in size, with females 
almost twice as large as males and slightly paler. Although 
similar to other genera in the Gaujonia group, Cicadomorphus 
is characterized by the semi-hyaline wings, especially in males 
which have scales only on the veins and margins, resulting 
in resemblance to members of Cicadidae (Hemiptera) and 
inspiring the generic name. 

The species Cicadomorphus falkasiska Martinez is endemic 
to Peru, occurring at high altitudes above 2000 m (Martinez, 
2020). Unfortunately, like other Neotropical noctuoid groups, 
the immature stages of jaguar moths are practically unknown, 
with exception of two species that have been reported as pests 
in the pine tree industry (Bollino & Onore, 2001; Guevara & 
Romero, 2008). Existing life cycle descriptions are incomplete 


and usually poorly illustrated. Martinez (2020) superficially 
described the other two species, one of which was C. falkasiska 
Martinez, illustrating only the last instar and adults of each. We 
here describe and illustrate in detail the complete life cycle of 
C. falkasiska, and provide discussion of its biology, host plant 
association, and chemical defense. 


MATERIALS AND METHODS 


On 21 February 2018, Falk Zahlaus collected a female of 
Cicadomorphus falkasika in a light trap in Oxapampa, Peru, 
which laid about 200 eggs, and he contacted the authors to rear 
them (Fig. 1, Fig. 2A,B). The eggs were fertile, but no host 
plants were known for the species. We contacted local people in 
Peru to collect more larvae or females to lay eggs, which helped 
to determine the host plant of this species. Eggs were laid in 
captivity and were shipped to Germany to be reared by the 
second author (facilities were not available where the eggs were 
collected). The eggs were placed in petri dishes and when they 
hatched the larvae were fed leaves of Quercus aquifolioides 
Rehder & E.H. Wilson (Fagaceae) (most pantheines feed 
on members of this plant family). Later, other larvae in Peru 
were collected on Prunus subcorymbosa Ruiz ex Koehne 
(Rosaceae) by local people, and we thus added leaves of Prunus 
laurocerasus L. to their diet. Leaves were changed every three 


Figure 1. First collected female with recently laid eggs (at far left). 
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Figure 2. A-B. Area where the first female was collected in the 
montane forest of Oxapampa, Peru. 


days to avoid mold accumulating. Life cycle and measurements 
were recorded daily with a triangle protractor. Photographs were 
taken with a Nikon D7000 camera equipped with a Sigma APO 
150mm f/2.8 EX DG OS HSM Macro lens. To document head 
capsules, we employed a StackShot automated focus stacking 
macro rail with a Canon EOS 6D camera and an Infinity long- 
distance microscope Model K2 DistaMax™. At least one larva 
was euthanized from each instar to be deposited in the immature 
stages collection at the McGuire Center for Lepidoptera and 
Biodiversity, Florida Museum of Natural History, University 
of Florida, Gainesville, FL, USA (MGCL). Unfortunately, 
we could not conduct a larval chaetotaxy comparison due the 
lack of sufficiently preserved specimens available to us, so that 
study will have to wait until more specimens are available. 
Finally, pupae were placed in collapsible butterfly rearing 
cages until emergence of the adults, which were euthanized 
and pinned and also deposited at MGCL. The host plant was 
identified by using the Missouri Botanical Garden website 
(Missouri Botanical Garden, 2020) and the works of Pérez- 
Zabala (2007) and Acha-Macias and Fuentes (2011). In order to 
record reproductive aspects of this species we placed some of 
the previously collected male and female adults in collapsible 
butterfly rearing cages, with each containing a small branch of 
P. subcorymbosa, while the rest were placed in petri dishes in 
an attempt to collect eggs. 


RESULTS 


Life stages description 


Egg (~1 mm wide and high; duration: ~16-19 days). Sulfur yellow with a 
semi-circular dome-shape and smooth chorion with rather inconspicuous 
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transverse and longitudinal ribs. Eggs became dark gray close to time of 
eclosion. Immediately before hatching chorion became transparent with the ribs 
practically disappeared (Fig. 1). 


Neonate first instar (Body length: ~1.22-1.31 mm; duration: ~6 hours). Head. 
Head capsule black, covered with long primary setae and wider than rest of 
body. Thorax. Brownish gray with a narrow black band in prothorax dorsally 
and presenting black secondary setae arising from dark-brown verrucae; 
adenosma in ventral prothoracic area absent; lateral prothoracic verrucae 
remarkably larger than others with longer setae; spiracles same color as rest of 
thorax. Abdomen. Brownish gray with dark brown verrucae, which present long 
black secondary setae; spiracles same color as rest of abdomen. Legs. Same 
color as thorax and claws pale brown. Prolegs. Same color as abdomen and 
crochets pale brown (Figs. 3A, 6). 


Later first instar (Body length: ~1.31-2.98 mm; duration: ~6-8 days). Head. 
Black with long primary setae. Thorax. Brownish gray with dorsal prothoracic 
verrucae forming an oval marking presenting two small verrucae, paler one on 
each side of marking; adenosma in ventral prothoracic area absent; subdorsal 
verrucae brown with black hair-like and spine-like setae; mid-dorsal verrucae 
brown with black spine-like setae only; prothoracic and lateral verrucae also 
presenting long hair-like setae; spiracles slightly darker than rest of thorax. 
Abdomen. Brownish gray with Al-A4 and A6-A8 darker dorsally; verrucae 
brown with spine-like setae, and other hair-like setae only laterally; spiracles 
barely darker than rest of abdomen. Legs. Dark brownish gray and claws pale 
brown. Prolegs. Slightly darker than rest of abdomen and crochets pale brown 
(Figs. 3A, 6). 


Second instar (Body length: ~2.95-5.53 mm; duration: ~6-8 days). Head. Black 
head capsule with short secondary setae. Thorax. Brownish white with a brown 
trapezoidal marking on prothorax formed by dorsal verrucae; brown verrucae 
except by those on each side of marking, which are brownish white; adenosma 
in ventral prothoracic area well developed and functional; verrucae with brown 
and white spine-like setae, which are longer and hair-like on prothorax near 
head; lateral prothoracic verrucae prominent; spiracles pale brown. Abdomen. 
Brownish white with Al-A4 and A6-A8 brown dorsally; verrucae brown 
with brown and white spine-like setae, but lateral verrucae and those in A9 
presenting long hair-like setae; pale-brown spiracles. Legs. Brown with claws 
brown. Prolegs. Brownish white with a brownish shade on subventral area; 
crochets pale brown (Figs. 3B, 6). 


Third instar (Body length: ~4.31-11.05 mm; duration: ~6-8 days). Head. Black 
with short secondary setae. Thorax. Brownish yellow with gray coloration and 
a wide semi-circular marking formed by prothoracic verrucae on dorsum; 
adenosma well developed and functional; wide dark brown verrucae except for 
a small dark brown verruca on each side of semi-circular marking; dark brown 
and white spine-like setae on verrucae longer near head; lateral verrucae in 
prothorax with few very long dark-brown hair-like setae, while rest of lateral 
verrucae have white long hair-like setae; spiracles dark brownish yellow. 
Abdomen. Brownish yellow with dorsum brown excluding A5, which is gray; 
A8-A9 brighter coloration than rest of body; wide verrucae brown with dark 
and white spine-like setae; lateral verrucae and A9 showing also long white 
hair-like setae; dark-brownish spiracles. Legs. Dark brown with claws brown. 
Prolegs. Dark brown with lower subventral area gray; crochets brown (Figs. 
3C, 6). 


Fourth instar (Body length: ~7.11-15.02 mm; duration: ~5-7 days). Head. 
Black showing short secondary setae. Thorax. Brownish orange slightly 
darker on dorsum except for prothorax which is dark brown; adenosma well 
developed and functional; dark brown semi-circular marking on prothorax near 
head almost imperceptible; verrucae dark brown with dark brown spine-like 
secondary setae; lateral verrucae with long white hair-like setae thicker on 
lateral prothoracic verrucae; dorsal mesothoracic and metathoracic verrucae 
presenting also dark-orange spine-like setae; spiracles dark yellowish orange. 
Abdomen. Dark brown dorsally, and brownish orange laterally excluding A9- 
A10, which are bright whitish orange; dark brown verrucae with similarly 
colored secondary setae; dorsal verrucae have also some dark orange setae; 
lateral verrucae and those in A9 with long white hair-like setae; dark yellowish- 
orange spiracles. Legs. Dark brown. Prolegs. Dark brown with lower subventral 
area grayish brown and reddish-brown crochets (Figs. 3D, 6). 


Fifth instar (Body length: ~9.07-19.18 mm; duration: ~8-12 days). Head. 
Black with short secondary setae. Thorax. Dark brown with similarly colored 
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Figure 3. A-D. Immature stages of Cicadomorphus falkasiska. A. Figure 4. A-D. Immature stages of Cicadomorphus falkasiska. A. 
Neonate and later first instar. B. Second instar. C. Third instar. D. Fifth instar. B. Sixth instar. C. Seventh instar. D. Pre-pupa. 
Fourth instar. 


MARTINEZ ET AL.: Life history of Cicadomorphus falkasiska 


verrucae; marking formed by dorsal prothoracic verrucae inconspicuous; 
adenosma well developed, but non-functional; wide, orange secondary spine- 
like setae and narrower, dark brown setae; prothoracic and lateral verrucae 
also showing long white hair-like secondary setae; spiracles whitish orange. 
Abdomen. Dark brown and verrucae with same color except on A8-A9, which 
are orange; wide, orange secondary spine-like setae and narrower, dark brown 
setae; lateral verrucae and those on A9-A10 presenting white long hair-like 
setae; whitish-orange spiracles. Legs. Dark brown. Prolegs. Dark brown with 
lower subventral area in grayish brown and crochets dark reddish brown (Figs. 
4A, 6). 


Sixth instar (Body length: ~15.89-28.36 mm; duration: ~5-8 days). Head. 
Dark brown displaying short secondary setae. Thorax. Dark brown with 
verrucae in same color except for those in dorsal area in metathorax, which 
are orange; wide adenosma, but non-functional; orange spine-like secondary 
setae; long white hair-like secondary setae on prothoracic and lateral verrucae; 
spiracles whitish orange. Abdomen. Dark brown with dorsal verrucae orange 
except those in lateral area and A10 that are brown; spine-like secondary setae 
in orange, and lateral verrucae and those on A8-A10 with long white hair-like 
secondary setae; spiracles whitish orange. Legs. Dark brown. Prolegs. Dark 
brown with dark red crochets (Figs. 4B, 6). 


Seventh instar (Body length: ~26.13-30.08 mm; duration: ~10-14 days). Head. 
Dark brown exhibiting short secondary setae. Thorax. Dark brown with whitish 
orange verrucae, except for dorsal prothoracic verrucae which are dark brown; 
adenosma wide and non-functional; verrucae with bright orange and spine-like 
secondary setae, long white hair-like setae on prothorax and laterally; spiracles 
whitish brown. Abdomen. Dark brown with whitish-orange verrucae; bright 
orange spine-like secondary setae slightly paler in lateral verrucae; lateral 
verrucae with long white hair-like setae; whitish-brown spiracles. Legs. Brown 
paler on claws. Prolegs. Dark brown with dark reddish-brown crochets (Figs. 
AC, 6). 


Pre-pupa (Body length: ~27.04-29.15 mm; duration: ~4-6 days). Head. Dark 
brown presenting very short secondary setae. Thorax. Slightly swollen and 
dark brown in color, including verrucae; adenosma inconspicuous; pale orange 
spine-like secondary setae with some white on lateral verrucae; some long hair- 
like secondary setae on prothoracic and lateral verrucae, but mostly lost during 
this stage; pale-orange spiracles. Abdomen. Slightly swollen with dark brown 
coloration as well as verrucae; secondary setae spine-like, pale orange and 
marbled in brown and pale orange laterally; lateral verrucae with long white 
hair-like secondary setae, which are also mostly lost during this stage. Legs. 
Dark brown, brighter than rest of thorax. Prolegs. Dark brown, brighter than 
rest of abdomen with crochets also dark brown (Figs. 4D, 6). 


Pupa (Body length: male ~27.01-28.06 mm; female ~27.42-29.05 mm; 
duration: ~19-21 days). Head. Sutures smooth, almost imperceptible, except 
by antennae, palpi and maxillae; palpi and maxillae are concealed; antennae 
ending at * of forewing, maxillae ending at middle of forewing. Thorax. Oval 
prothoracic plate two and one third times shorter than mesothoracic plate; 
metathoracic plate narrow and M-shaped. Wings. Both wings ending on A4; 
hindwings concealed by forewings, only visible in small space between both 
forewings. Legs. Prothoracic legs concealed by mesothoracic legs. Abdomen. 
A1-A4 covered by wings ventrally; A4-A10 segments greatly swollen with 
A8-A10 fused; spiracles conspicuous and well developed; secondary setae in 
positions occupied by verrucae in larval stages; trapezoidal cremaster short and 
rugose with two pairs of long hooks and 8-10 pairs of small hooks. Cocoon. 


L_J L_J 
1.91 mm 2.13 mm 2.94mm 3.39 mm 
1 instar 24 instar 3" instar 4th instar 


Figure 6. Cephalic capsules of Cicadomorphus falkasiska. 
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Figure 5. A-C. Immature stages of Cicadomorphus falkasiska. A. 
Cocoon. B. Pupa, ventral side. C. Pupa, lateral side. 
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Thick and like a tear-drop in shape; its construction includes copper-colored 
silk threads and secondary setae (Figs. 5A-C). 


Adult (Forewing length: male 23-25 mm; female 30-32 mm). Head. Palpi pale- 
yellow with last segment black with a pale-yellow stripe ventrally, and a dot 
of same color dorsally; dark-yellow frons; dark brown antennae. Thorax. Pale 
yellow with few blurred spots in black, more visible in males than females. 
Wings. Forewings pale yellow; hyaline areas in male nearly without scales, but 
more scales in female; postmedial and subterminal lines inconspicuous in male, 
whereas basal, antemedial, and medial lines well defined; females present all 
line patterns poorly defined; large and elongate orbicular spot; reniform spot 
narrow, outlined in black and showing a black dot in middle; hindwings hyaline 
in males, semi-hyaline in females with fringe paler yellow than forewing in 
both sexes. Legs. Pale yellow except for prothoracic legs, which have some 
brown patches. Abdomen. Whitish gray with few tufts on middle of abdomen; 
A1-A3 with tufts yellow with A2 showing a small black dot, and remaining 
tufts black on other segments with some yellow and long white scales; female 
with yellow tufts only on Al-A4 (Figs. 7, 8). 


Larval behavior: The larvae are completely nocturnal. When 
neonate larvae are ready to hatch, they begin to eat the center 
of the upper side of the chorion, leaving the rest intact, and 
stay on the egg cluster for several hours. In the first four 
instars the larvae are gregarious, and feed on the cuticle and 
epidermis of the leaf. From the second to the fourth instar the 
adenosma is functional, producing a highly alkaline compound 
(Figs. 9B, C). Subsequently, from the fifth to seventh instar, the 
larvae are more scattered and feed on the entire leaf, leaving 
almost nothing uneaten. Additionally, the integument and 
secondary setae harden in these late instars and take on a bright, 
presumably warning coloration similar to some larvae of tiger 
moths (Erebidae: Arctiinae) (Fig. 9D). After being disturbed 
larvae arch their backs inward to exhibit their bright orange 
secondary setae (Fig. 9). Finally, during the pre-pupal stage, 
the larvae stop eating and begin cocoon construction, producing 
copper-colored silk and adhering some of their secondary setae. 


Adult behavior: Adults occur at high altitudes (above 2000 m) 
and at relatively low temperatures (17-18°C). Cicadomorphus 
falkasiska is mainly nocturnal and flies all year round, but 
adults are more common from late September to middle 
December (spring and summer). Both sexes fly near the ground, 
but females are short-distance fliers, perhaps because of their 
heavier bodies, whereas males are lighter and seemingly able 
to maintain longer flights. Females, and less often males, have 
been observed feeding on rotten fruit, tree sap, or mud (Fig. 10). 
Interestingly, despite being nocturnal, the entire bodies of the 
adults are highly UV reflective in both sexes (Fig. 11). 


Reproductive aspects: As mentioned above, the first female 
was collected during middle February (mid-summer) of 2018 
in central Peru above 2500 m. Subsequently collected females 
and larvae were found from late February to late March (late 
summer to early fall). The courtship is very short, with the male 
approaching the female and fluttering its wings constantly, and 
after few minutes the male positions itself behind the female 
and inserts its genitalia towards those of the female. Mating 
lasts about 30-45 min, and during mating the female covers the 
male almost entirely with its wings, because the abdomen in 
most pantheines is short. After mating, the female stays resting, 
whereas the male frequently flies away. 
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Figure 7. Adult habitus of Cicadomorphus falkasiska. 


Figure 8. Female of Cicadomorphus falkasiska resting on Quercus 
aquifolioides. 


Oviposition behavior: Oviposition was recorded only once, 
inside of the collapsible butterfly rearing cages, because most 
females died before laying eggs, perhaps because they did not 
copulate. The only fertilized female carefully laid a cluster of 
eggs on the leaves of the Prunus subcorymbosa branch that 
was previously set into the cage. In contrast, females that were 
placed in petri dishes just laid eggs randomly. Interestingly, the 
female uses her haustellum to probe the ideal place to lay her 


eggs. 


Host plant: Larvae of Cicadomorphus falkasiska were found 
naturally feeding on Prunus subcorymbosa Ruiz ex Koehne 
(Fig. 12), which is a plant of the family Rosaceae distributed in 
Central and South America. This plant can reach a height up to 
30 m and can be differentiated from other species of the genus 
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Highly alkaline 
col npo ur 1 


Figure 9. A-D. Types of defenses in larvae of Cicadomorphus falkasiska. A. Adenosma. B-C. Highly alkaline compound mixed with the 


regurgitation. D. Physical defense. 


Prunus by the chartaceous or subcoriaceous leaves with waxy 
undersides mainly visible on the midrib. In addition, another 
important character is the dense cover of trichomes on the leaf, 
inflorescence, fruit buds, and hypanthium. The larvae feed 
mainly on leaves, but sometimes during the earlier instars they 
feed on inflorescence buds. During the day, larvae rest on the 
tree branches or trunk until sundown. 


DISCUSSION 


This study represents the first complete life cycle 
description of one of the 38 known species of jaguar moths 
distributed in the Americas (Hampson, 1913; Seitz, 1919- 
1944; Schmidt & Anweiler, 2020; Martinez, 2020). As 
mentioned above, many assumptions have been made about the 
biology, behavior, and life history of pantheines. One of those 
assumptions is that supposedly the adults do not feed, based on 
the reduced haustellum (Anweiler, 2009; Behounek et al., 2011; 
Schmidt & Anweiler, 2020). However, despite the fact that the 


haustellum is reduced, it is still developed, and we have found 
that it is functional, as has been observed in other genera such 
as Charadra Walker, Colocasia Ochsenheimer, and Panthea 
Hübner (Martinez, personal observation). 

The reproductive behavior of noctuids is poorly studied, 
with only a few works such as Birch et al. (1989), Cibrian- 
Tovar & Mitchell (1991), and Nakano et al. (2009). However, 
most of these studies have been performed using pheromones 
or acoustic communication. In the case of Cicadomorphus 
falkasiska, neither acoustic communication nor pheromone 
release was observed during reproductive behavior, but we may 
have missed such sexual behaviors since we began observations 
right after the male approached the female. Otherwise, it has 
been hypothesized that UV-reflectance could play an important 
role in the sexual selection (Lyytinen et al., 2004) and all species 
of the genus Cicadomorphus are UV-reflective. It is possible 
that they evolved the ability to detect this UV pattern, instead 
of using pheromones for mate recognition, possibly implying 
an extra cost in production. 
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Figure 11. Adult habitus of Cicadomorphus falkasiska under UV light. 


Another important observation is that the first four larval 
instars, which appear to be the most vulnerable, have developed 
some mechanisms that may help to avoid predators, including: 
a) production of silk threads to move from one leaf to another 
and hanging from the leaves while resting, and b) production of 
a highly alkaline compound that is produced in the adenosma 
and mixed with the regurgitation and expelled when the larva 
is disturbed, with the exception of the first instar (Figs. 9A, B, 
C). The adenosma is reduced and non-functional in the first and 
from the fifth to seventh instar, possibly because they depend 
more for defense on visual mimicry and mechanical defense 
than on chemical defense (Fig. 9D). 

A remarkable observation concerning Cicadomorphus 
is the potential mimicry in adults and larvae, which resemble 
aposematic tiger moths (Erebidae: Arctiinae), not only 
morphologically but behaviorally (Martinez, personal 
observation). However, Cicadomorphus is not the only genus 
in Pantheinae potentially engaging in this kind of behavior, 
with, for example Colocasia, Anacronicta Warren, Panthea, 
and Trisuloides Butler being similar to tussock moth species 
(Erebidae: Lymantriinae) in both larval and adult stages. Some 
species even feed on some of the same host plants (Kitching 
& Rawlins, 1999; Yasuda et al., 2012). Willmott and Mallet 
(2004) observed a similar phenomenon in ithomiine butterflies 
and they suggested that mimicry between species sharing 
hostplants is promoted by the shared microhabitat of the 
adults. Other genera, like Gaujonia Dognin and Arctioptera 
Schmidt & Anweiler, look more similar to tiger moths in both 
larval and adult stages, such as Hypercompe spp. or Estigmene 
spp. (Chacón & Montero, 2007; Martinez, 2020; Schmidt & 
Anweiler, 2020). On the other hand, while members of the 
genus Trichosea Grote mimic tiger moths in the adult stage, 
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Figure 12. A-B. Prunus subcorymbosa, host plant of Cicadomorphus 
falkasiska. A. Habitus. B. Leaves and inflorescences. 


the larvae resemble a totally different family, Lasiocampidae, 
which is not related to the Noctuoidea (Sugi & Nakamura, 
1986; Yasuda et al., 2014). 

Finally, a host plant relationship between Pantheinae and 
Rosaceae, as reported here, is not previously unknown. There 
are some genera that are known to feed on Prunus and other 
rosaceous plants such as Trichosea Grote and Arctioptera 
Schmidt & Anweiler (Matov & Kononenko, 2012; Kononenko, 
2005; Schmidt & Anweiler, 2020). A curious note is that all 
these pantheine genera not only share similar host plants, but 
also external morphology, which is astonishing considering that 
the three genera are globally allopatric. Trichosea is restricted 
to Eurasia, Arctioptera is limited to North and Central America, 
and Cicadomorphus is confined to the Andes in South America 
(Hampson 1913; Sugi & Nakamura, 1986; Martinez, 2020; 
Schmidt & Anweiler, 2020). 
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